Introduction
Input-output accounting and analytical (multiplier) techniques have been shown to be useful tools in assessing a range of issues relating to economic structure and related environmental issues (see Miller and Blair, 2009; and Nakamura and Kondo, 2009 ). This paper uses inputoutput analysis techniques to better frame the connections between the production of hazardous waste, final consumption of goods driving this production, and the management of these waste streams. For decision makers, including policy makers, the techniques explained in this paper, and illustrated through a UK regional case study, improve the understanding of the demand and supply pathways and linkages underlying hazardous waste production. We show how the integration of data on regional economic structure and hazardous waste generation permits a detailed exploration of the regional hazardous waste economy as it relates to local production. The approach provides valuable information for decision makers in developing waste strategies and policy support as it relates to hazardous waste minimization. The paper also shows how demand-driven input-output attribution methods can be used to identify hazardous waste hotspots in the supply chains of different final consumption goods and consumption groups, again yielding valuable information for decision makers.
The paper is structured as follows. Section 2 provides background on the need to understand the drivers of hazardous waste flows, the connections between consumption and hazardous waste management options, and provides an outline of the policy and regulatory framework.
Section 3 describes the methodology and Section 4 discusses the results from our hazardous waste economy case analysis, showing the types of information that lever value for decision makers. Section 5 discusses the further implications of these results and concludes by providing directions for future research.
Background
Hazardous wastes are those wastes that are considered harmful or potentially harmful to human health and/or the environment.
1 Figure 1 outlines the connections between final
1 The Environment Agency defines hazardous wastes as those that are either immediately harmful to human health or the environment or potentially harmful in the future. More specifically, wastes are classified as hazardous by the Environment Agency if they have one or more of the following properties: explosive, oxidizing, highly flammable, flammable, irritant, harmful, toxic, carcinogenic, corrosive, infectious, toxic for reproduction, mutagenic, sensitizing, ecotoxic, or wastes which release toxic or very toxic gases in contact with water, air, or acid.
consumption groups in an economy (such as households and government consumption), and the production and then management of hazardous waste. Thin arrows indicate the direction of economic flows while thick arrows show the flow of hazardous waste by products.
Importantly here it is necessary to understand that we consider the problem from the perspective that the decisions of final consumers of products drive activity in the economy thereby creating (derived) demand for hazardous wastes up the supply chain, and indeed, create hazardous waste perhaps far from the domestic economy through hazardous waste embodied in trade (for a discussion of these trade issues see Jensen et al., 2011) . Figure 1 shows that economic activity and associated hazardous waste production flows from different public and private final consumption demands (in different geographical regions) for goods and services produced in the domestic economy. These in turn rely on primary and intermediate inputs, with the latter relying on both internal and external supply chains. The hazardous waste flows driven by the chain of economic activity are then subject to a series of management options which can include incineration, landfill, recycling and reuse, and more complex treatments that may take place within or without the domestic economy (see Table 1 for a summary of management options). This scale of hazardous waste production is significant. For example, the Environment Agency (2010) revealed that hazardous waste sent for disposal and recovery in England and Wales in 2008 totaled about 6.6 million tonnes.
Table 1 and Figure 1 about here
This process of hazardous waste production, trade and treatment is subject to an intensifying regulatory regime and this deepening of regulatory requirements also underlines requirements for better information on the determinants of hazardous waste production and links to different types of consumption activities. For example, the UK is bound by EU legislation including the 1991 Council Directive on Hazardous Waste. This defined hazardous waste and a series of management and traceability objectives, and ultimately became part of the EU Waste Framework Directive (WFD -see EU, 2008) . The WFD (EU, 2008) set out a waste hierarchy in terms of waste prevention and management legislation and policy i.e. in priority order: prevention; preparing for re-use; recycling; other recovery (e.g. energy recovery) and finally disposal. The WFD challenges EU member states to encourage the options that deliver the best overall environmental outcome. Guidance notes on applying the waste hierarchy to hazardous waste were published by the UK government (DEFRA, 2011; see also DEFRA, 2010) .
Hazardous wastes do not include radioactive wastes, decommissioned explosives, waste waters, or animal by-products (except those destined for incineration, landfilling, or use in a biogas or composting plant).
In effectively planning and developing hazardous waste strategy and changing consumption behaviors a better understanding of the process of hazardous waste generation and linking management options to types of final consumption is important. For example, it is domestic households, one component of final consumption, who in particular have much to lose in terms of bearing environmental externalities (for example, the presence of landfill sites) such that there can be value in communicating to consumers how their consumption decisions link to both amounts of hazardous waste and management options. The need for this type of information is particularly important where selected (often cheaper) hazardous waste management options result in a reduction in human welfare directly, but also have more subtle welfare effects linked to environmental degradation. Moreover, Figure 1 shows that government consuming on behalf of households is also identifiable as a final consumption group, so that changes in the pattern of consumption of those that develop policy may be considered.
The type of concerns and information requirements outlined above provide a link between the research in this paper, and operations research that explores the transportation of hazardous waste, flow routing, and the location of treatment facilities and specialised landfills (see for example, Giannikos, 1998; Zhang et al. 2000; and Samalioghu, 2013) . A further related issue is trade in hazardous waste itself and how far industry production that creates hazardous waste is conterminous with where goods are consumed and where waste arising is managed, and with links here to the pollution haven hypothesis in response to regulatory variation (see for example Cave and Blomquist, 2008; Baggs, 2009; Fikru, 2012; and Kellenberg, 2012) .
In summary there is a requirement to understand the process through which hazardous waste production and management connects to final consumption groups and consumption decisions. Through the application of techniques to attribute hazardous waste flows through the supply chain it is more likely that an efficient balance can be struck between policy that changes emphasis on stimulating different types of final demand and 'nudging' patterns of consumption therein, and policy that regulates industries directly. Furthermore the application of input-output techniques allows a better understanding of the interplay between the production of hazardous waste, the benefits from the consumption of industry goods that have directly and/or indirectly resulted in hazardous waste production, policy jurisdiction, and the location of management options (i.e. who bears the full economic costs associated with treatment options).
Method and Data: Hazardous waste flows attribution

Input-output analysis and waste
Input-output tables reveal the different industries that make up an economy, and then how they 'fit' together in terms of their sales and purchasing patterns. Each industry also uses a combination of primary or non-produced inputs (labour and capital/land) and intermediate or produced inputs, some of which are imported so that each industry relies to a greater or lesser extent on local, regional, national and then international markets. The tables allow comparisons between industries in terms of their pattern of resource use, and the sectoral and geographical destinations of their outputs, including the level of interregional and international export activity (see for example, Miller and Blair, 2009 ).
The method used in this paper is developed around input-output tables, using techniques that have a wide application in informing environmental management and better understanding the connection between different types of production and consumption activities, and associated environmental effects (see for example, most recently Miller and Blair, 2009; Dietzenbacher and Velazquez, 2007, McGregor et al., 2008) . Here we focus on the informational content and analytical facility offered by single region input-output tables.
Thus, at this stage we focus on hazardous waste embedded in domestic supply chains but with consideration of the waste embedded in total regional exports (we also make note of the other side of the relationship only in terms of hazardous waste generated in Wales treated elsewhere in the UK). Consideration of the full set of flows in Figure 1 would require estimation and use of a full national interregional and/or global international input-output framework, which is an objective for future research.
Input-output tables have been specifically developed to consider waste management issues.
For example, Nakamura (1999) and Nakamura and Kondo (2002) , developed a waste inputoutput model that integrates waste creation and management options, while Nakamura and Kondo (2009) review the extended use of waste input-output models, for example in terms of analysis of sustainable consumption, life cycle analysis and materials flows analysis. Jensen et al. (2013) examine general waste attribution in a regional economic setting, taking a preliminary step towards the hotspot analyses presented here, but with no account of alternative management options (for allied waste analysis in an input-output framework, see also Choi et al., 2011; Xu and Zhang, 2009 
Methodology
The inter-industry matrix of an input-output table has N rows and columns, reporting the composition of output and input respectively for i=j=1, …, N sectors and all units are From the input-output tables, we generate the basic conventional demand-driven environmental input-output system as derived by Miller and Blair (2009) . This involves distinguishing final and intermediate demand expenditures as being, respectively, exogenously and endogenously determined, and imposing a chain of causality from the former to the latter. That is, the NxZ final demand matrix, Y, is modelled as the ultimate driver of all endogenous transactions within the NxN inter-industry matrix that are required (along with use of inputs not produced within the system -i.e. primary inputs such as labour, land, capital, and imports of externally produced commodities) to produce sectoral outputs.
The demand-driven environmental input-output system involves an extension so that polluting by-products, including emissions of air pollutants and generation of inert and hazardous wastes, are linked alongside inter-industry transactions to the determination of sectoral outputs that are driven by exogenous final demands. The central equation in the demand-driven environmental input-output system, applied here to the case of hazardous waste, takes the following form (Miller and Blair, 2009 (Miller and Blair, 2009 ). The Leontief inverse, which we also refer to as matrix L below, has elements b ij , representing the output in each industry i that is required to meet final demand for commodity output j. Hazardous waste is then introduced to the system using the basic Leontief environmental input-output extension (Leontief, 1970 ; also see Miller and Blair, 2009; Nakamura and Kondo, 2009 representing the total amount in tonnes of each type of hazardous waste generated in production (across all N production sectors) to meet one monetary unit (£million) of final demand for sectoral output j.
Given our interest in developing material for decision makers, we consider hazardous waste hotspots (defined by different treatment options) in the supply chain serving any one kind of final demand, z, for any industry/commodity output j. That is we examine the contribution of individual supply chain elements that combine to give the overall multiplier effects from [1].
This is done by decomposing the calculation of matrix W for each hazardous waste management, k, and each type of final consumer, z. The process involves first multiplying the rows of the NxN Leontief inverse [I-A] -1 , L, by the corresponding  ki coefficient for the industry producing the output represented in that row. This is done for each hazardous waste management type k in turn so that the result is a set of hazardous waste-output multiplier matrices that we will label L k . For each hazardous waste management type k, the matrix L k is stated as follows:
[2] waste destined for management type k is produced in each sector i as a result of total final demand expenditure on commodity output j by consumer z. We can also focus on just K matrices where total final demand for each commodity output, y j , is used in place of y jz in the calculation of [3] . Examination of the elements of each matrix thereby permits identification of the absolute magnitude of hazardous waste generation hotspots in the domestic supply chains of different types of final consumption demand for different domestic commodity outputs. Here this is done for the accounting period to which the input-output data relate but the conventional input-output model is also commonly used to consider the impact of marginal changes in final demand. 3 In the results in Section 4, we are able to use equation [3] to identify the elements of each sector i's direct hazardous waste generation that is attributable to its own and other sector final demands by reading along the row for any one sector i. By subtracting the latter component and adding the corresponding sector j column information for that sector as an intermediate purchaser (i.e. waste generated in other sectors to support final demand for sector j output), we are able to move between consideration of waste that is directly generated by a sector and what is (directly and indirectly) attributable to final demand for its output. Moreover, working with both [2] and [3] it is also possible to consider whether a hotspot is determined by the hazardous waste intensity of the production point and/or the scale of the final demand flow in question. All the analysis is broken down in terms of the type of treatment/disposal of the hazardous waste, allowing us to more fully consider the implications of each hazardous waste hotspot.
Regional economic and hazardous waste data
By way of an example we use the case of the Welsh economy where input-output tables were available for 2007, together with detailed hazardous waste data that could be matched to Table 1 ).
The hazardous waste data are used in conjunction with the industry sales and purchases information derived from the input-output tables to calculate equation systems [1] to [3] above and produce the results analysed in the next section.
Results of hazardous waste stream attribution analysis
This section presents the results of the input-output based hazardous waste tracking system detailed in Section 3 when applied to the case study of Wales in the accounting year of 2007.
The section begins by describing the amounts of hazardous waste being produced in Wales in terms of industry and management options, using information from the Environment Agency
Hazardous Waste Interrogator. The discussion of attribution is arranged in terms of two hazardous waste management options of particular policy concern within the waste management hierarchy. These are treatment and landfill. Under each of these management options, we focus on industry examples that are important in terms of (a) the magnitude of direct generation of the hazardous waste streams to particular management options resulting from production and/or in terms of (b) indirect supply chain reliance on production that is accompanied by hazardous waste generation. Following from this the section moves to consider why the information presented is of importance to decision makers.
Hazardous waste produced in Wales
The Environment Agency Hazardous Waste Interrogator reveals that in 2007, Wales generated over 240,000 (241,687) tonnes of hazardous waste. Much of this (just over 69%) was directly generated in just 7 of the 73 industries in the Welsh economy: "Sanitary Services" (18.1%), "Aluminum and Non-Ferrous Metals" (18.1%), "Construction" (9.9%), "Health and Social Work" (6.3%), "Forging/Pressing (6.7%), "Oil Processing" (6.0%) and "Iron and Steel" (4.2%). Table 2 shows that almost half of this is recycled or reused. Another 23% is sent for treatment and 16% is transferred for either disposal or recycling at a later date. The less desirable disposable methods, landfill and incineration, account for 12% and 2% respectively. Table 2 also provides a comparison of these percentages with similar percentages for hazardous waste generated in the rest of the U.K.
Note that hazardous waste is not necessarily managed or disposed of in the same location or even region of generation. Overall, more than half of the total hazardous waste generated in
Wales is managed or disposed of outside of Wales. For example, in the cases of treatment and transfer for disposal, the Hazardous Waste Interrogator shows a relatively high share (40-50%) does take place in Wales. On the other hand, almost all of hazardous waste to landfill (around 99%) goes to sites outside of Wales. Only 10% of waste incineration with energy recovery and just over 20% of incineration without energy recovery take place in Wales. This is a cause for concern given that these are the less desirable waste management methods in the UK Environment Agency's waste hierarchy. In terms of the sectoral sources of direct hazardous waste generation, these vary radically relative to the overall picture discussed above. For example, according to the Hazardous Waste Interrogator, while just less than 10% of total hazardous waste generation takes place in Construction, 61% of total waste to landfill is directly generated in this sector. On the other hand, Aluminum and Non-Ferrous Metals, the second biggest direct generator of hazardous waste identified, sends just over 95% of this to recycling/reuse, which directly accounts for 36% of hazardous waste to this destination. In the case of the other management option we focus on here, treatment, Oil Processing, Forging and Pressing and Health and Social Work together directly account for just over 50% of the hazardous waste with this fate. In the next section, we consider the cases of treatment and landfill in more detail, specifically examining the contribution of the input-output approach detailed in Section 3 to developing a better understanding of the structure of the hazardous waste problem in the case study region of Wales, taking into account demand-side drivers of activity in the sectors identified above.
Applying the attribution methodology
The raw data from the Hazardous Waste Interrogator used above to discuss direct generation of hazardous waste within individual production sectors (defined in the Appendix) also inform results reported in Column B of Tables 4 and 5 for the treatment and landfill cases respectively. These data, defined as for each hazardous waste type k and sector i, are also used (as explained after equation [1] in the methodology Section 3.2), dividing by sectoral output, , to define each element of the direct hazardous waste intensity matrix Ω P . The key direct intensities are reported in Column A of Tables 4 and 5 for the key sectors identified under the treatment and landfill options respectively.
In order to begin moving from consideration of direct generation of hazardous waste to the process of attributing to final demand drivers, the central environmental input-output
-is used to generate the results reported in Table 3 . That is, we report the row elements of the KxZ matrix W that is determined by [1] for the cases k=treatment, landfill, but do so in the two respective columns of Table 3 Column H we are then able to move between direct generation and the Type I attribution result, by subtracting the Column F result from that in Column B and adding the Column G result for each sector considered. In Column 1 we focus on the impact of calculating each [3] for each type of final consumer, z, in turn so that the importance of the LY kz variant for the main final consumption driver of the sector in question may be examined.
Hazardous waste for treatment management option
We begin by considering the industrial composition of the total generation of hazardous waste that is then sent for treatment in Wales, for the accounting year of 2007. Table 2 reports that 54,991 metric tonnes of hazardous waste were directly generated through the production activities of the 73 Welsh industrial sectors identified in the input-output tables (see Appendix) and consequently sent for treatment. This equates to 22.8% of total hazardous waste generation in Wales in 2007. Just under half of this, 27,463 tonnes, was reported as being treated within Wales, with the rest sent to destinations elsewhere in the UK (hereafter referred to as the rest of the UK, RUK) for treatment.
We first conduct an attribution of the hazardous waste sent to treatment to the seven types of final consumer/end user using equation [1] . The first column of Table 3 reveals that, in terms of consumption that takes place within Wales, the largest shares of hazardous waste going to the treatment option are attributable to household consumption (11%) and Welsh government consumption (20%). However, the bulk (64%) of hazardous waste generation for treatment in Wales in 2007 was attributable to export demand for the goods and services produced across all 73 sectors. This is divided between export demand from the rest of the UK (RUK), 47.4%, and the rest of the world (ROW), 16.7%. The Hazardous Waste Interrogator data showed that around 50% of treated hazardous waste was sent to RUK for that treatment. The above analysis reveals that this is almost entirely balanced by demand from this source (RUK exports) that underlies its generation. Table 4 provides a more detailed analysis for the treatment option. The results in Column B of Table 4 identify the five largest direct generators/producers of hazardous waste that goes to the treatment management option. The largest share (21.7%, Column B, Table 4 ) is generated in production in the Oil Processing sector. Utilising the decomposition system in equation [3] -and considering the importance of the own sector (diagonal) entry LY k , where i=j, against the row total that corresponds to the Column B result -we find that Oil Processing also comes out on top in terms of the share that is attributable to final demand for its own output (Column H, 20.5%).
Tables 3 & 4 about here
The direct sector intensity (Column B) and Type I attribution results (Column H) relating respectively to the production of and final consumption demands for sectoral outputs are similar because Oil Processing is not strongly linked to other sectors within the Welsh economy. Most of its output goes to final demand, particularly RUK exports (62.2%), and the sector had high import intensity (only 12.6% of intermediate inputs are produced in Wales). This is reflected in the relatively low Type I output multiplier of 1.15 reported in Column C.
The relatively high direct intensity for hazardous waste to treatment in Oil Processing is reflected through comparison of the figures in Columns A and D: direct effects account for 96.6% of the Type I hazardous waste (treatment) output multiplier.
However, we should also note that the final consumption pattern (in terms of the type of final consumer) for the output of the Oil Processing sector differs significantly from the overall picture discussed at the start of this section, where 47.4% of total treated hazardous waste was generated in the production of output to meet RUK export demand (see Table 3 ). RUK export demands for the sector's output and other sectors with (albeit limited) backward linkages to Oil Processing are much more important, driving 67.9% of sectoral output and hazardous waste production (Column I, Table 4 as a direct producer of hazardous waste that is destined for treatment (8,133 tonnes-see Column B of Table 4 ), but second if we consider the problem in terms of final consumption demand driving industrial activity (8,506 tonnes or 15.5% in Column H of Table 4 ). The difference between these two results is elucidated through application of the decomposition system in equation [3] . This produces the results reported in Columns E, F and G of Table 4 , which are used to move between consideration of waste that is directly generated in the Health and Social Work sector and waste that is (directly and indirectly) attributable to final demand for its output. Column E shows that 8,015 tonnes are generated Table 4 showing that export demand from RUK is the main underlying driving force. Table 3 shows that a smaller amount, 29,487.9 metric tonnes of hazardous waste, was generated through the production activities of the 73 Welsh industrial sectors identified in the input-output tables and consequently sent to landfill. Total hazardous waste to landfill equates to 12.2% of total hazardous waste generation in Wales in 2007. However, a much smaller share (only 1.3% or 369 tonnes) of this was treated within Wales, with the rest sent to landfill destinations elsewhere in the UK.
Hazardous waste to landfill management option
When we conduct the Type I attribution (see Table 3 , final column) to the seven types of final consumer/end user using equation [1], we find a significantly different profile to the treatment option case, with 13.6% attributable to Welsh household consumption and 9.7% to capital formation. Again, export demands are important, with 34.3% attributable to RUK export demand for the goods and services produced across all 73 sectors, and a further 7.7%
to ROW export demand. However, there is a marked shift relative to the treatment option in terms of the lower importance of Welsh government and export demands and greater importance of Welsh capital formation in driving hazardous waste generation going to the landfill management option. Moreover, the input-output attribution analysis reveals that intersectoral effects are more important in considering the landfill case.
Insert Table 5 about here Table 5 provides a more detailed analysis for selected industries and shows why capital formation is relatively important here as the ultimate final demand determinant of hazardous waste creation. Table 5 reveals the dominance of the Construction industry both in terms of direct hazardous waste generation (Column B) and (to a lesser but still hugely significant extent) that attributable to final consumption demand for the sector's output (Column H). The result in Column B of Table 5 shows that 61.1% (18,009 tonnes) of hazardous waste generated in Wales in 2007 that ultimately went to landfill was generated in the Construction sector. In contrast to the case of Oil Processing as the top-ranking direct producer, but more in common with the second-ranking Forging and Pressing in Table 4 , note from the result in Column F of Table 5 However, this is still a dominating share.
In terms of the hotspot analysis of the composition of the Type I attribution result (Column H) for Construction, 98% is located in the Construction sector itself. However, direct generation of hazardous waste to landfill in Construction is an important hotspot in the regional supply chains of many other industries. For example, in In the case of Public Administration, reading along the row in Table 5 , the key result is that the amount of total hazardous waste to landfill that was generated in 2007 Administration reveals that only 3.6% of the hazardous waste to landfill embodied in the Public Administration supply chain is located in own-sector effects (Column B result divided
by Column H result in Table 5 ). Here, Construction provides the most important hotspot impact in the supply chain supporting final demand for Public Administration output, accounting for 76% of the 1,263 tonnes in Column H. The second most important hotspot in the Public Administration sector is hazardous waste to landfill generation in Sanitary Services, at 10.9% or 137 tonnes. 4 A third, small but still noteworthy (at 3.4% of the 1,263 total in Column H), hotspot in the Public Administration supply chain is located in the second highest ranking sector in terms of its direct generation, which is Wood Products (second row of Table 5 ). Thus, the implication is that any public sector supply chain management aimed at limiting hazardous waste generation will be more complex in the case of Public Administration than in Health and Social Work or Sanitary Services.
Information for decision makers
We now reflect on how the information in the preceding analysis can be used by decision makers, starting with the information in Table 3 . This showed which final consumption categories drive the production of hazardous waste that goes to the treatment and landfill options. For decision makers this information is useful because it hints at where policy resources might be placed to make final consumption 'responsibility' groups aware that it is their choices that drive the production of wastes that go to management options that are associated with a potentially higher level of externalities. The attribution of hazardous waste to final consumption groups also reveals how far regional policy makers might have the leverage to control consumption behaviours. For example, Table 3 shows that with the treatment option, nearly two thirds of final consumption relates to exports (RUK and overseas) such that there is likely to be less scope to influence consumption choices here.
However, where there is stronger attribution to regional households and regional government, then there may be greater scope to enact policy or guidance, or to educate on the importance of applying the waste hierarchy. In the case of landfill there was a lower attribution to exports but higher attribution to domestic households and domestic capital formation over which regional authorities will have more control through regulation and education.
Recall Tables 4 and 5 provide in-depth information on individual industries. There are several ways in which this could specifically inform decisions. First, the information in Column A relates to direct hazardous waste generation to the treatment/landfill management options per £m of output. This shows decision makers the relatively more waste intensive sectors with respect to this selected management option. However, this information can, when combined with forecasts of structural change in the regional economy, identify the expected change in hazardous waste output. This can inform choices on where policy resources might be focused for education and regulatory purposes. Resulting forecasts of hazardous waste outputs could also inform choices about future infrastructure needs in dealing with hazardous waste.
Column A in combination with Column B data relating to waste directly generated in Wales, also provides a useful benchmark for accounting the current hazardous waste economy.
The information in Column D of Tables 4 and 5 can be used to show how a unit shock to final demand for the output of industries is likely to create hazardous waste directly and indirectly in the regional economy. For policymakers this type of information identifies the root causes of production of hazardous waste going to the different management options. This is particularly useful when combined with information in Column I which shows the elements of final consumption that cause the waste flow. For individual industries, Column D information allows policymakers to examine where education and regulatory resources might be focused. For example, in the preceding analysis relating to the treatment management option the Oil Processing sector produced largely for export such that policymakers in the region have less jurisdiction and leverage over this element of final demand. Arguably here the consumption driver of this hotspot is outside the immediate jurisdiction of the regional government. In this case policy resources might be focused more on the industry itself which is an important direct producer of hazardous waste and with little hazardous waste embodied in its regional supply chain. However in the case (Table 4) of Health and Social Work, conclusions for policy makers might be different as the main final demand driver is Welsh Government consumption. This implies that more leverage in reducing waste might be achieved by understanding the process through which government demands feed through to hazardous waste output in this sector. The analysis shows that there is more scope in the Health and Social Work industry for a mix of consumption-and production-focused approaches that educate in terms of changing final consumption behaviours, but also deal with the hotspot, which is in the Welsh Health and Social Work industry itself.
The attribution to final demand groups in Column I of Table 4 and 5, and in Table 3 , also reveals to policy makers in Welsh Government how far it is local consumption choices, rather than external demands, that drive hazardous waste production (and the type of management options in question). There is increasing interest in many regions/nations in estimating consumption footprints in terms of externalities/resources like carbon, general waste and water. The accounting introduced in Tables 3 to 5 is an important step in developing a consumption-based accounting and mitigation approach for hazardous waste, and with the analysis of selected industries in Tables 4 and 5 revealing the proportion of hazardous waste produced locally that is necessary to meet regional final demands as opposed to export (external) demands. In doing so, the analysis highlights how there is likely to be a need for a combination of consumption-and production-focussed accounting and responses. Generally, it provides a foundation for policy and economic analyses that relate local economic benefits from the export production (in terms of employment and gross value added in the waste producing industries) to local costs in terms of hazardous waste production and management.
The information in Tables 4 and 5 Columns E, F and G allows decision makers to consider, in the case of individual industries, how far hazardous waste production in the industry is a result of meeting final demands for its own products and/or how far it is producing hazardous waste that is embodied in trade with other regional industries. The case analysis in Tables 4 and 5 shows that in general in the big hitting hazardous waste producers (in terms of waste going to treatment and landfill management options) that hazardous waste production is generated to meet final demands for the industries own products. However in some sectors, for example, Forging and Pressing (in Table 4 ) and Sanitary Services (Tables 4 and 5 ) and Construction (Table 5) , that a significant proportion of their own hazardous waste production was embodied in their trade to other sectors in the regional economy. For selected industries such as these, it is important for decision makers to focus some resources on sectors to whom the 'own' sector sells to revealing to these sectors the connection between their purchasing behaviour and hazardous waste production upstream. Again, a more general lesson is that consumption-and production-focussed analyses of waste (and other pollutants/ resource uses) embedded in supply chains are more complex than identifying and considering just one source producer and final consumer. This emphasises the need for a mixed approach.
In summary the information provided in Tables 3-5 permits decision makers a better view of the process of hazardous waste attribution which might be considered in advance of making choices on regulation, education and new infrastructure development.
Conclusions
The paper started with the challenge of better understanding the processes and drivers underlying hazardous waste production in an economy, set in the context of tighter regulation and mounting concerns on the externalities associated with selected management options.
The paper shows that there is decision making value in more accurately examining how the different components of final demand for the commodity outputs of different sectors impact the supply of hazardous waste and then the requirements for different management options.
The developed approach enabled us to connect hazardous waste production in one industry and the indirect demands driving hazardous waste production elsewhere. This transaction tracking approach is vital in connecting how activity in one industry (and its consumption profile) impacts on another industry's production of waste, and resulting management options. In consequence, the approach adopted allows the speculation of how structural change in an economy might affect overall volumes of hazardous waste production, and forecasting requirements for different management options, by taking due account of both direct and indirect waste production levered by economic changes.
The demand-driven input-output attribution method used here identifies hazardous waste hotspots in the supply chains of different final consumption goods. The results in section 4 of the paper allow detailed decomposition analyses of how hazardous waste in one industry meets the final demands for goods and services from its own sector, but also how far hazardous waste production in one industry serves other sectors' final demands. This allows analysis of how far one sector's hazardous waste production is embodied in intermediate sales to other regional industries. The corollary is the identification of hazardous waste hotspots in the supply chains of different final consumption groups including households, government, capital formation, tourism or exports.
The approach also provides information on the hazardous waste embodied in regional exports (another final consumption group). This allows the identification of how the production of externalities by industries in one area is associated with consumption choices in other places.
In the location of management options such as hazardous waste landfill and/or incineration there can be community concerns that it is local people who incur the costs for consumption decisions made elsewhere. The review in Section 2 of the paper shows that there has been a great deal of interest in the operations management field in the routing of hazardous waste flows and location of management options such as landfill and incineration. In considering future management options there might be advantages in better communicating where the economic benefits (in terms of wages, salaries and profits) of industrial production that creates hazardous waste occur and then where the full economic costs of managing the externalities occur, in our case within or outside the regional economy. The present method provides some information that may contribute to such a cost-benefit type analysis.
A limitation of the analysis is its restricted breakdown of the trade in hazardous waste intensive goods and services. For example, while the analysis presented in section four of the paper provides better intelligence on the hazardous waste content of exports out of Wales, there is rather less information available on the hazardous waste embodied in regional imports, such that it is not possible to comment on a hazardous waste 'balance of trade'.
To conclude, in developing this work further, it would be useful to explore possibilities and methods to overcome some of the general limitations of the input-output framework in respect of fixed technical coefficients and prices (see Miller and Blair, 2009 ). In particular to enable an assessment of the implications of changes in the costs of management options, or, for example, were there to be a step change increase in hazardous waste production, how the supply side of the local economy may change to accommodate this. This would involve the development of a computable general equilibrium (CGE) approach where the sectoral information content of input-output would be retained while building in more flexibility and economy dynamism (see Partridge and Rickman, 2010 , for a review of regional CGE modeling approaches and issues).
5
This research could also be extended to other regions of the UK, in the first instance for comparative analysis of results. As hinted earlier in this section, building in information from other regions allows the possibility of connecting Welsh industry purchases of imported goods with hazardous waste production elsewhere in the UK, and vice versa. 
Final demand by domestic households
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